It has repeatedly been shown that uncompetitive N-methyl-D-aspartate (NMDA) receptor antagonists can mimic certain aspects of positive and negative symptoms of schizophrenia in human volunteers and laboratory animals. The purpose of the present study was to expand these findings and to determine whether the selective metabotropic glutamate receptor subtype 5 (mGluR5) antagonist, MTEP (3-[(2-methyl-1,3-thiazol-4-yl)ethynyl]pyridine), could induce similar effects in Wistar rats. First, MTEP (1.0-10.0 mg/kg; intraperitoneally) after acute and subchronic (daily for 5 days) administration as well as the uncompetitive antagonists of the NMDA receptor of either high affinity, phencyclidine (0.5-4.0 mg/kg; subcutaneously (s.c.)) and ( + )-MK-801 (0.03-0.25 mg/kg; s.c.), or low-moderate affinity, ketamine (2.0-16.0 mg/kg; s.c.) and memantine (0.15-20.0 mg/kg; s.c.), following daily administration for 3 days were tested in the social interaction test to determine their ability to reproduce the negative and positive symptoms measured by social isolation and stereotyped behavior, respectively. Second, the compounds were tested in the motility test following acute administration to determine their ability to induce locomotor hyperactivity reflecting the positive symptoms. In line with previous findings, all examined NMDA receptor antagonists produced social interaction deficits, locomotor hyperactivity, and stereotypy except memantine. Notably, this study found that MTEP following both acute and subchronic administration dose-dependently induced social isolation, but did not cause either locomotor hyperactivity or stereotypy. These data demonstrate that social behavior deficits in rats can be caused by both the blockade of the NMDA receptor and the inhibition of mGluR5, whereas mGluR5 antagonists may not independently be able to mimic the positive symptoms.
INTRODUCTION
In schizophrenia, social withdrawal together with poverty of speech, blunted affect, anhedonia, and avolition represent negative or deficit state symptoms referred to as a reduction in normal functioning (Andreasen et al, 1990) . Compared with positive symptoms, for example, paranoia, delusions, and hallucinations, the negative symptoms tend to be more pervasive and persistent, more related to cognitive deficits, and much less sensitive to antipsychotic treatment (Fenton and McGlashan, 1991; Mueser and McGurk, 2004) . The disturbances of social functioning were classified as a key item of the cluster of negative symptoms. The deficits in social activity are often present as early as in the premorbid and prodromal stage of schizophrenia as well as throughout the entire course of the illness, even during periods of remission (Goldberg and Schmidt, 2001; Häfner et al, 1999; Wiersma et al, 2000) . Clinical observations with phencyclidine (PCP; (N-(1-phenylcyclohexyl)piperidine) and ketamine (2-(2-chlorophenyl)-2-(methylamino)-cyclohexanone) show that reduced function of the N-methyl-D-aspartate (NMDA) receptor can mimic along with positive symptoms several aspects of negative symptoms, including social withdrawal, and cognitive deficits seen in schizophrenic patients (Adler et al, 1999; Javitt and Zukin, 1991; Krystal et al, 1994; Lahti et al, 2001) . In line with clinical findings, preclinical studies have shown that different antagonists of the NMDA receptor, uncompetitive (ie, PCP, ( + )-MK-801 (( + )-5-methyl-10,11-dihydro-5H-dibenzo-[a,d]-cyclohepten-5,10-imine), ketamine) and competitive (ie, (7)-CPP, (3-((7)-2-carboxypiperazine-4-yl)propyl-1-phosphonic acid)), along with hyperactivity and stereotyped behavior induce social isolation in laboratory animals (Corbett et al, 1995; Nagai et al, 2003; Rung et al, 2005a; Sams-Dodd, 1995 , 1996 Silvestre et al, 1997) . Additional supportive evidence has come from behavioral experiments on mutant mice. It has been demonstrated that mice with reduced NMDA receptor expression avoided contacts with cage mates as well as with unfamiliar mice (Duncan et al, 2004; Mohn et al, 1999) . Furthermore, atypical antipsychotic drugs, which are the most effective currently available medications in treating the negative symptoms in schizophrenic patients, have been shown to improve the social deficits displayed by either the NMDA receptor knockdown mice or NMDA receptor antagonist-treated animals (Becker and Grecksch, 2004; Mohn et al, 1999; Rung et al, 2005b; SamsDodd, 1996 SamsDodd, , 1997 .
Hence, the NMDA receptor antagonist-induced social isolation in rats is widely used as an experimental model for the negative symptoms of schizophrenia with face and predictive validity (Becker and Grecksch, 2004; Ellenbroek and Cools, 2000; Rung et al, 2005a; Sams-Dodd, 1999) .
Although direct inhibition of the NMDA receptor with antagonists acting at different regulatory sites within the receptor complex (for a review, see Kew and Kemp, 2005) is the most obvious approach to decrease glutamatergic neurotransmission, such effect can also be achieved via indirect modulation of this receptor (Marino and Conn, 2002) . Recently, activation of the metabotropic glutamate receptor subtype 5 (mGluR5) has been shown to stimulate neuronal glutamate release in in vitro (Fazal et al, 2003; Thomas et al, 2000) and in vivo (Pintor et al, 2000) experimental models. It has also been found that mGluR5 can modulate the NMDA receptor function at the molecular and cellular level (Awad et al, 2000; Brakeman et al, 1997; Doherty et al, 1997) . Further, the opposite direction of this modulation has been reported as well, thereby suggesting a reciprocal positive-feedback interaction between these two receptor subtypes (Alagarsamy et al, 1999 (Alagarsamy et al, , 2005 Luthi et al, 1994) . Importantly, at the behavioral level, antagonists of the mGluR5 have been found to potentiate the effects of NMDA receptor antagonists in several tests including prepulse inhibition (PPI) of the startle response, locomotor activity, memory tasks, and unilateral 6-OHDA-lesion model (Henry et al, 2002; Homayoun et al, 2004; Kinney et al, 2002; Turle-Lorenzo et al, 2005) . Moreover, mGluR5 antagonists have been shown to mimic some behavioral effects of NMDA receptor antagonists such as an impairment of working memory (Manahan-Vaughan and Braunewell, 2005; Homayoun et al, 2004) , attenuation of the development of tolerance to morphine-induced antinociception (Kozela et al, 2003) , as well as anxiolytic (Busse et al, 2004; Spooren et al, 2000) , antiparkinsonian (Ossowska et al, 2001; Turle-Lorenzo et al, 2005) , and antidepressant (Tatarczynska et al, 2001) actions. On the basis of the above considerations, we hypothesized that pharmacological inhibition of the mGlu5 receptor, similar to NMDA receptor blockade, might also evoke schizophrenialike symptoms.
Thus, the aim of the present study was to determine whether the selective mGlu5 receptor antagonist, ethynyl]pyridine), can induce behaviors in animals resembling certain aspects of the negative and positive schizophrenia symptoms. For evaluating negative symptoms, measurement of social isolation in the social interaction test was used, and for positive symptoms, stereotypy in the social interaction test as well as hyperlocomotion in the motility test was assessed. MTEP as well as the high-affinity, PCP and ( + )-MK-801, and the lowto moderate-affinity, ketamine and memantine (1-amino-3,5-dimethyladamantane), uncompetitive NMDA receptor antagonists were examined in male Wistar rats in both tests.
MATERIALS AND METHODS

Animals
Male Wistar rats (Charles River, Germany) weighing 300-350 g at the time of testing were used in all experiments. The rats were housed in groups of three or four in Macrolon type III cages and kept in an animal room under standard laboratory conditions: 22711C, 5575% of a relative humidity, and a 12-h light-dark cycle (light on 0600-1800). They had free access to water and standard rat chow throughout the entire study. The animals were acclimatized to the new environment for at least 2 weeks before being tested. All experiments were approved by the Ethical Committee of the regional council of Upper Swabia (Tübingen, Germany) and were performed in full accordance with the ethical standards laid down in the European Union guidelines (European Communities Council Directive 86/609/EEC).
Drugs and Drug Administration
PCP hydrochloride (Sigma-Aldrich Co., Saint Louis, USA), ( + )-MK-801 maleate (Sigma-Aldrich Co., Saint Louis, USA), and memantine hydrochloride (Tocris, Ellisville, USA) were dissolved in sterile physiological saline (0.9% NaCl) and administered subcutaneously (s.c.) in a volume of 1 ml/kg. Ketamine hydrochloride (WDT, Garbsen, Germany) was diluted with sterile physiological saline to obtain desired doses and was injected s.c. in a volume of 1 ml/kg. MTEP (mol. wt. 200.3 ; synthesized at Boehringer Ingelheim Pharma KG, Biberach, Germany) was dissolved in 10% (v/v) Tween 80 water and administered intraperitoneally (i.p.) in a volume of 2 ml/kg. With the exception of MTEP, all doses were calculated as those of salts. Solutions of all drugs were prepared immediately before use.
Experimental Procedures
In the social interaction test, animals were randomly assigned to groups of three and were housed with the same cage mates during the entire experiment. All rats within a given cage received identical treatment and were never tested more than once. One week before testing, half of the rats within a treatment paradigm were dyed with black hair color on the rear part of the body. The rats received daily injections in their home cage for 3 days of a given compound or vehicle and were tested on the day of the last injection after the appropriate pretreatment time had expired. The 3-day treatment schedule for PCP and other uncompetitive NMDA receptor antagonists was selected based on studies showing that a tolerance to the ataxic effects of PCP, but not to the social behavior, rapidly develops after repeated administration (Sams-Dodd, 1996) . MTEP was tested following either acute or subchronic administration (ie, daily for 5 days) in order to better determine the influence of ataxia and sedation on the behavioral response. All drugs were injected 45 min before the test except for MTEP and ketamine, which were given 60 and 30 min before testing, respectively. Pretreatment times were chosen based on previously published reports (Busse et al, 2004; Sams-Dodd, 2004; Silvestre et al, 1997) and our preliminary observation. Each treatment group included 6-12 pairs of rats per experiment.
In the motility test, animals were randomly assigned to groups of four and were housed with the same cage mates during the entire experiment. Each rat was tested only once. The rats received single injection of either given compound or vehicle on the day of testing. All drugs were administered after a 30 min adaptation period to the test conditions. Each treatment group included eight rats per experiment.
Social Interaction Test
The general design of the model was adapted from File (1980) and has previously been described in detail by SamsDodd (1995) . Testing was conducted during the dark phase of the light-dark cycle in a dark arena to avoid any anxiogenic components and to favor high baseline levels of explorative behavior, and the rats were tested in an unfamiliar arena and with unfamiliar rat in order to reduce aggressive and territorial behaviors and to increase the level of social behavior (Sams-Dodd, 1996) . Lighting in the experimental room consisted of a mixture of dimly illuminated red light and infrared LED-Arrays. The test was performed in an open arena (length, width, height: 150 Â 100 Â 40 cm) with bedding of gray gravel (Dust-Free Cat-Litter). The gravel had been exposed to other rats before testing to provide a constant odor level in the arena. Above the arena, an analog monochrome camera with high red sensitivity (model DMK 3003-IR/C with H2Z 4516 CS-2, focal length 4.5-10.0 mm 1/2 lens; The Imaging Source Europe Ltd, Bremen, Germany) was placed. The camera was connected to a DVD-video recorder (model DVDR 75/021; Philips, Hamburg, Germany) from which the video signal was fed into a Video-to-Fire Wire converter (model DFG/ 1394-1, The Imaging Source Europe Ltd, Bremen, Germany) connected to a PC. The behavior of the rats was analyzed online from the camera with an in-house application based on a commercially available machine vision software library (Halcon's Image Processing Software Library, MVTec Software Ltd, Munich, Germany). Data acquisition started automatically when the rats were placed into the arena and stopped after the preset 10-min recording time. To obtain a movement pattern of each rat in the arena during the session, the positions of the rats were determined 12.5 times per second. The obtained coordinates were related to actual distances in the arena by an automatically determined conversion factor from pixel to meter. Additionally, all sessions were recorded on DVDs using the DVD recorder in order to create a backup database. Three arenas were run in parallel and were started at the same time.
The rats were placed in the experimental room the day before testing. On the day of testing, one dyed and one nondyed rat that had received identical treatment and were unfamiliar to each other were placed simultaneously into the unfamiliar arena 80-90 cm apart. The difference in body weight between the paired rats was within 15 g. Their behavior was observed for 10 min and thereafter they were returned to the home cages.
Behavior of rats during the observation period were analyzed for the following parameters:
Distance traveled (cm). Total distance traveled during the 10-min observation period by each rat. Percent time in central zone (%). Percentage of the 10-min observation period spent in the central zone by each rat. The arena was divided into a central and a peripheral zone, which covered 33 and 66% of the arena, respectively. Social interaction (s). Duration of social behavior (ie, sniffing, crawling, following, or grooming the partner) defined as a maximal distance of 20 cm between the rats, that is, their centers of gravity.
Secondly, stereotypy behavior and ataxia were rated offline by a trained observer. Each recording on the DVDs was viewed for 1 min halfway through the 10-min observation period, and each rat was given a separate score for PCP stereotyped behavior and ataxia. The score assigned for each behavioral measure was determined as the highest level of stereotypy or ataxia consistently observed during the rating period. The rating scales are given below and are after Castellani and Adams (1981) .
PCP stereotyped behavior: (0) stationary, little or no movement; (1) active, occasional to frequent movement; (2) active with episodes of repetitive forward head searching (the rat walked forward in a stereotyped manner along the periphery of the arena without engaging in other behaviors); (3) continuous forward head searching; (4) frequent repetitive rearing, side-toside weaving, or turning; (5) episodes of rapid jerky sideto-side, circular, or dorso-ventral head movements. Ataxia: (0) coordinated movements; (1) mild staggering, swaying locomotion, and rearing without falling; (2) moderate uncoordinated movements with occasional to frequent falling; (3) unable to support weight, crawling locomotion only; (4) no locomotion, lying on side or abdomen.
Motility Test
Testing was conducted during the light phase of the lightdark cycle in a brightly lit room to suppress the baseline activity level of control rats in order to increase the sensitivity of the test to drug-induced locomotor activity. Rats were placed individually into standard activity cages (length, width, height: 40.6 Â 40.6 Â 40.6 cm) for a total of 150 min. After 30 min, when the animals were familiarized with the test environment, each rat was removed from the cage, injected with a given compound or vehicle, and immediately placed back into the cage. The distance traveled (cm) and number of rearings were measured for 120 min post-injection. Eight rats (two subjects from each experimental group) were always tested simultaneously. Each activity cage (model E63-20; Coulbourn Instruments, Allentown, PA, USA) was equipped with two photobeam sensor rings (model E63-22; TruScan Photobeam Sensor, Coulbourn Instruments) positioned 4 and 12 cm above the cage floor. Interruptions of the photobeams, spaced 2.54 cm apart and providing a 1.27 cm spatial resolution, constituted rats' movements. The system measured the location of the animal in the x and y plane and along the z-axis twice per second. To separate the forward locomotion from stereotyped behavior, only movements that exceeded one full beam space were recorded. Sessions programming and data recording made use of the TruScan Photobeam Linc interface and the data acquisition TruScan 99 software package (Coulbourn Instruments) running on a PC compatible via the L18-16S/C Linc interface card (Coulbourn Instruments).
Statistical Analysis
Data analyses were conducted separately for each drug treatment and each behavioral parameter. The stereotypy and ataxia scores, which are of an ordinal type, were analyzed with Kruskal-Wallis one-way analysis of variance (ANOVA) on ranks followed, if significant, by a post hoc Dunn's test. Other data were analyzed by parametrical oneway ANOVA with Dunnett's post hoc test. The motility test measures, the distance traveled, and number of rearings were log-transformed before statistical analysis. Post hoc tests were used to test for comparison with the control (saline-or vehicle-treated) group. A probability level of po0.05 was regarded as significant. The stereotypy and ataxia scores are expressed as medians with interquartile ranges (25th-75th percentiles). Other data are presented as means with standard error of mean (SEM). The analyses were performed with the aid of the Sigma Stat software package for Windows version 2.03 (SPSS Inc., Chicago, IL, USA).
RESULTS
PCP
In the social interaction test, PCP (0.5-4.0 mg/kg; 1.8-14.3 mmol/kg), a high-affinity uncompetitive NMDA receptor antagonist, after treatment for 3 days showed significant effects on social interaction (F 4,89 interaction at all doses tested. At doses of 2.0 and 4.0 mg/kg, percent time in central zone was significantly decreased, whereas stereotypy and ataxia scores were increased. For distance traveled, there was a significant increase at the lowest (0.5 mg/kg) and the highest (4.0 mg/kg) tested doses. In the motility test, acute administration of PCP (0.5-4.0 mg/kg) significantly affected both locomotor (F 4,39 ¼ 36.38, po0.001) and vertical activity (F 4,39 ¼ 3.93, po0.05). Distance traveled was increased across the dose range tested (Figure 7a ), whereas the amount of rearings only at a dose of 0.5 mg/kg (Figure 8a ).
( + )-MK-801
In the social interaction test, ( + )-MK-801 (0.03-0.25 mg/kg; 0.09-0.74 mmol/kg), a high-affinity uncompetitive NMDA receptor antagonist, after treatment for 3 days showed significant effects on social interaction, percent in central zone, and distance traveled as well as on stereotyped behavior and ataxia ( In the motility test, acute administration of ( + )-MK-801 (0.03-0.25 mg/kg) increased both locomotor and vertical activity (F 4,39 ¼ 83.56, F 4,39 ¼ 4.05, respectively; all p's o0.001). There was a significant increase in distance traveled at dosages of 0.06 mg/kg and upwards (Figure 7b ). However, there was no significant difference in the amount of rearings between the saline group and ( + )-MK-801 groups (Figure 8b) .
Ketamine
In the social interaction test, ketamine (2.0-16.0 mg/kg; 7.3-58.4 mmol/kg), a low-to moderate-affinity uncompetitive NMDA receptor antagonist, after treatment for 3 days significantly decreased social interaction, percent time in central zone, and distance traveled, and also evoked stereo- 
Memantine
In the social interaction test, memantine (1.25-20.0 mg/kg; 5.8-92.7 mmol/kg), a low-to moderate-affinity uncompetitive NMDA receptor antagonist, after treatment for 3 days significantly decreased social interaction, percent time in central zone, distance traveled, and induced ataxia (Figure 4a-d) . There was a significant decrease in social interaction seen at doses of 2.5 mg/kg and upwards, and in percent time in central zone and distance traveled at doses of 5.0 mg/kg and upwards. At doses of 10.0 and 20.0 mg/kg, memantine additionally resulted in a slight, but significant, increase in ataxia. Memantine was also tested at lower doses (0.15-0.62 mg/kg; 0.7-2.9 mmol/kg), but no significant effects were observed (data not shown).
In the motility test, acute administration of memantine (2.5-20.0 mg/kg; 11.59-92.69 mmol/kg) significantly increased locomotor activity (F 4,39 ¼ 8.34, po0.001), but did not induce any significant effects on vertical activity (F 4,39 ¼ 0.71, p40.5; Figure 8d (Figure 5a-d) . Acute MTEP induced a significant decrease in social interaction and time in central zone at 3.0 and 10.0 mg/kg and in locomotor activity at all three doses. Additionally, sedation indicated by decreased stereotypy scores was seen at the highest dose tested of 10.0 mg/kg. For ataxia, post hoc comparison revealed no significant difference compared with the vehicle group. Similarly, subchronic administration of MTEP (1.0-10.0 mg/kg) daily for 5 days showed dose-dependent decrease in social interaction, percent time in central zone, and distance traveled (F 3,95 ¼ 18.68, F 3,95 ¼ 34.26, F 3,95 ¼ 11.42, respectively; all p's o0.001), however showed no significant effects on either stereotyped behavior or ataxia (H ¼ 11.93, H ¼ 6.20, respectively; p's 40.1) (Figure  6a-d) . Subchronic MTEP significantly decreased the level of social interaction, percent time spent in central zone at 3.0 and 10.0 mg/kg, and locomotor activity at all three doses.
MTEP induces social isolation in rats
In the motility test, acute administration of MTEP (1.0-10.0 mg/kg) did not show any effects on locomotor activity (F 3,46 ¼ 1.01, p40.3; Figure 7e ), but significantly decreased vertical activity at all doses tested (F 3,46 ¼ 18.30, po0.001; Figure 8e ).
DISCUSSION
The present study shows that the selective antagonist of the mGluR5, MTEP, can evoke changes in rat behavior that are considered to reflect social deficits of schizophrenia, but not positive symptoms. Specifically, MTEP induced social isolation, but did not cause either locomotor hyperactivity or stereotyped behaviors in rats. Although extrapolation of animal data to schizophrenia is problematic, the behavioral measures used in this study generally seem to be relevant to several aspects of clinical phenomenology (see Sams-Dodd, 2006 for a discussion on validation of animal models). As shown in Table 1 , the distinct effects of d-amphetamine and the uncompetitive NMDA receptor antagonists on rats' social behavior in the social interaction test correspond well with clinical observations that the NMDA receptor antagonists, but not d-amphetamine, induce certain aspects of negative symptoms of schizophrenia. This suggests that social isolation in rats may be predictive of social deficits of negative schizophrenia symptoms. Comparison to the clinical findings also suggests that stereotyped behavior as well as locomotor hyperactivity in the motility test, but not locomotion in the social interaction test, corresponds to certain aspects of positive symptoms in humans. Similarly, locomotor hyperactivity in the motility test may be a useful indicator of psychotomimetic effects of a compound, as the compounds inducing psychosis in humans can also produce hyperactivity in rats (Table 1) . Another issue is the specificity of the obtained results in terms of confounding effects. In this study, all the examined compounds did produce social isolation in rats even at doses where the immobility (ie, a reduction in the score from one towards zero on the rating scale for stereotyped behavior) and ataxia were absent, suggesting their specific effects on social behavior. On the other hand, it could be suspected that the decreased levels of social interaction might have been indirectly caused by anxiogenic effects of the compounds, as all of them decreased exploration of the central zone of the arena. It seems, however, to be unlikely, as NMDA receptor antagonists have been found to possess rather anxiolytic than anxiogenic properties (Xie and Commissaris, 1992) , and MTEP has been shown to display anxiolytic-like activity in a number of animal models of anxiety (Busse et al, 2004; Varty et al, 2005) . There is rather a direct consequence of concomitantly present stereotyped behaviors manifested in walking in the periphery of an open field arena. Importantly, as reported by Sams-Dodd (1995) , a hierarchical cluster analysis of the parameters simultaneously measured in the social interaction test detected no correlation between the level of social interaction, time spent in the central zone, and locomotor activity measured as the distance traveled.
In humans, adverse effects resembling schizophrenia-like symptoms following administration of various uncompetitive antagonists of NMDA receptors have been observed. It is very well known that PCP and ketamine can evoke an acute psychotic state, which incorporates positive as well as negative symptoms including social withdrawal in healthy volunteers (Krystal et al, 1994; Lahti et al, 2001; Luby et al, 1959; Morgan et al, 2004) . There have also been reports on stereotyped head rolling in some individuals after PCP ( Burns and Lerner, 1976) . In patients with schizophrenia, both compounds can precipitate psychotic episodes (Itil et al, 1967; Lahti et al, 2001; Malhotra et al, 1997) . Also ( + )-MK-801, which is not approved for human use, produced psychotomimetic effects in some patients during the clinical trial for the treatment of epilepsy (Leppik et al, 1988) . Moreover, memantine, a clinically well-tolerated NMDA receptor antagonist used in the treatment of Alzheimer's dementia, has been reported to share with the aforementioned NMDA antagonists a number of unwanted effects including psychotomimetic effects, but usually they appear at doses higher than those of therapeutic relevance or a titration regime is used to avoid them (Fleischhacker et al, 1986; Rabey et al, 1992; Riederer et al, 1991) . Our results of the disruptive effects of PCP, ( + )-MK-801, and ketamine on rats' social behavior in the social interaction test, when the experimental conditions are set at high baseline levels of explorative and social behaviors, are well in line with a number of previous findings (Becker et al, 2003; Corbett et al, 1995; Rung et al, 2005a; SamsDodd, 1996 SamsDodd, , 1998 . In addition, we found that memantine could induce social withdrawal in the rat at dosages of 2.5 mg/kg and upwards, but not at lower doses (data not shown). To the best of our knowledge, there is no other published report on social deficits produced by memantine. In contrast, there exist data showing that memantine does not affect or increase the time spent in social contacts during social encounters in mice (Sukhotina and Bespalov, 2000; Rodriguez-Arias et al, 2002) . However, in these studies, the experimental conditions were set at low levels of spontaneous social behaviors, under which NMDA receptor antagonists have been documented to enhance social interaction (Dunn et al, 1989; McAllister, 1990) . This perhaps surprising finding with memantine on social isolation should be put into the context. Social isolation together with previously and currently reported hyperactivity induced with memantine in the motility test clearly points to similarities between memantine and other uncompetitive NMDA receptor antagonists regarding their ability to induce the negative and positive symptoms of schizophrenia. In this respect, it is noteworthy that in laboratory animals, memantine, at relatively high doses, exhibited full substitution for ( + )-MK-801 as well as for PCP in operant drug discrimination procedures (Grant et al, 1996; Nicholson et al, 1998; Sanger et al, 1992) . Together, these findings suggest that memantine and high-affinity NMDA receptor antagonists may produce common subjective effects and qualitatively similar adverse events in humans.
The observed reduction in social behavior following both acute and subchronic administration of MTEP was comparable to those produced by the uncompetitive NMDA receptor antagonists. MTEP, similar to the lowto moderate-affinity uncompetitive NMDA receptor antago- nists, decreased vertical activity of rats, but did not induce either locomotor hyperactivity or stereotyped behaviors unlike the examined NMDA receptor antagonists. In the light of these data, the pharmacological profile of MTEP seems to resemble that of uncompetitive NMDA receptor antagonists with respect to its effect on the negative symptoms, but lacks the ability to induce positive symptoms. A deleterious effect of MTEP on social behavior in rats raises a suspicion that, in human subjects, MTEP may induce undesirable side effects typical of uncompetitive NMDA receptor antagonists. However, MTEP has never been tested in man and its putative properties to evoke MTEP induces social isolation in rats E Koros et al schizophrenia-like symptoms can be only indirectly implied from animal studies. Notably, fenobam, a clinically validated anxiolytic agent with recently described noncompetitive mGluR5 antagonism and the structure belonging to a chemical class different from MTEP (Porter et al, 2005) , has been reported to produce psychostimulant side effects in some patients with anxiety (Friedmann et al, 1980; Itil et al, 1978; Pecknold et al, 1982) . This observation suggests that mGluR5 antagonism, similar to the NMDA receptor blockade, may have a psychotomimetic potential, at least in certain susceptible individuals. On the other hand, the lack of hyperactivity and stereotyped behavior after MTEP despite its deleterious effect on social interactions found in the present study is noteworthy. The present findings showing that MTEP did not enhance locomotor activity of rats are consistent with previous reports (Pietraszek et al, 2005; Varty et al, 2005) , and may be attributed to the lack of ability of MTEP to activate the dopaminergic system. Interestingly, in line with the lack of stimulant effects of MTEP, there is the observation that MTEP and another mGluR5 antagonist, MPEP, unlike the uncompetitive NMDA receptor antagonists, do not disrupt PPI of acoustic startle, which is used as an animal model of sensorimotor gating deficits in schizophrenia. Both mGluR5 antagonists, however, have been found to potentiate disruption of PPI and locomotor activity induced by PCP or ( + )-MK-801 in rats (Henry et al, 2002; Pietraszek et al, 2005) . Thus, the profile of MTEP as well as MPEP on locomotor activity and PPI is different from that of the uncompetitive NMDA receptor antagonists. In contrast to the latter compounds, MTEP and by extension mGluR5 antagonists might be devoid of the propensity to evoke psychotomimetic effects in healthy humans. On the other hand, it seems that mGluR5 antagonism might potentiate psychotic symptoms in certain vulnerable populations. Studies with a broader range of mGluR5 antagonists will be essential to further characterize the mGlu5 receptor in this issue. The mechanism(s) underlying the MTEP-induced deficits in social behavior remains to be determined, but it may be mediated via indirectly decreased function of the NMDA receptor. Experimental data indicate functional interaction between the NMDA and mGlu5 receptors. In particular, mGluR5 antagonists, at doses with no effect on their own, have been shown to potentiate the effects of NMDA receptor antagonists in different behavioral tests. And at high doses, these antagonists mimicked some behavioral effects of NMDA receptor antagonists (see Introduction). It has also been demonstrated that activation of mGluR5 potentiated NMDA receptor currents in the hippocampus (Doherty et al, 1997) and subthalamic nucleus (Awad et al, 2000) . There are two most often pointed out intracellular mechanisms by which mGluR5 can potentiate NMDA receptors: the first one is an increase in intracellular Ca 2 + concentration and activation of protein kinase C (PKC) (Benquet et al, 2002; Conn and Pin, 1997) ; and the second one is coupling to Homer proteins, which traffic mGlu5 receptors into and out of synapses (Ango et al, 2001; Brakeman et al, 1997; de Bartolomeis and Iasevoli, 2003) .
Interestingly, NMDA receptor activation has been found to potentiate mGluR5-mediated responses (Alagarsamy et al, 1999) . There are data showing that activation of NMDA receptors may lead to activation of calcineurin that in turn may modulate mGluR5 function by dephosphorylating mGluR5 at sites that are phosphorylated by PKC on the C-terminal tail of the receptor (Alagarsamy et al, 2005; Gereau and Heinemann, 1998) . Moreover, it has been reported that a single administration of PCP in rats resulted in a decrease in the mGluR5 mRNA expression in the hippocampal formation and in a number of subcortical regions (Abe et al, 2001) . By extension, this might suggest that the mGlu5 receptor may also contribute to the behavioral effects of PCP, including social isolation. However, this speculative assumption warrants further studies.
In summary, our findings indicate that the inhibition of mGluR5 by MTEP results in social behavior deficits in rats similar to those produced by the uncompetitive NMDA receptor antagonists, which in turn are believed to resemble social deficits observed in schizophrenic patients. Interestingly, MTEP did not produce locomotor hyperactivity and stereotyped behavior in rats, which are typically induced by the uncompetitive NMDA receptor antagonists, and are considered to reflect the positive symptoms of schizophrenia. Overall, these results suggest that clinical use of MTEP, similar to uncompetitive NMDA receptor antagonists, may be accompanied by adverse effects resembling certain schizophrenia-like symptoms. And therapeutic utility of mGluR5 antagonists has to be regarded with some degree of caution owing to a possibility of the highly undesirable side effects, at least in some patients. It remains to be determined if MTEP-induced social withdrawal can account for the inhibition of mGluR5 alone or for a synergistic interaction between the mGlu5 and NMDA receptors.
